Streptolydigin was isolated in crystalline form from the culture broth of Streptomyces lydicus. The agent is a growth inhibitor for gram-positive bacteria in vitro and is effective in the systemic treatment of gram-positive bacterial infections in mice when administered parenterally or orally (1, 2, 6) . Streptolydigin has the empirical formula C32H44N209 (Fig. 1) .
Streptolydigin was found to interfere with oxidative phosphorylation in rat liver mitochondria as described in this report. This inhibition is a secondary activity of the antibiotic, which acts primarily as a suppressor of ribonucleic acid (RNA) synthesis by interacting with the RNA polymerizing enzyme (11) .
MATERIALS AND METHODS
Preparation and assays of the Escherichia coli and mammalian RNA polymerases were those described previously, except that L-1210 cells rather than KB cells were used for the preparation of mammalian enzyme aggregate (9) .
Rat liver mitochondria were isolated from male albino rats weighing 150 to 250 g (4) . Mitochondrial protein was determined with biuret reagent, with crystalline bovine albumin used as standard (3) . Mitochondrial respiration was measured manometrically. Hexokinase was purchased from Calbiochem (Los Angeles, Calif.). Inorganic phosphate was assayed by the method of Lowry and Lopez (7) .
Reduced nicotinamide adenine dinucleotide (NADH)-linked ferricyanide reduction by mitochondria was followed spectrophotometrically by reading the decrease in optical density (OD) of the reaction mixtures at 420 nm. Reduction of tetrazolium salts to formazans was measured as described by Lester and Smith (5) . The two tetrazolium salts used were INT (2-p-iodophenyl-3-p-nitrophenyl-5-phenyltetrazolium chloride) and NBT [2,2'-di-p-nitrophenyl -5, 5' -diphenyl -3, 3' -(3, 3' -dimethoxy -4,4' -biphenylene) ditetrazolium chloride]. Cytochome c teductase and oxidase activities were assessed spectrophotometrically (8, 12) . Cytochrome c was reduced as desciibed by Smith (12) and had an 0D5uo to OD5,a ratio of 15. Mitochondrial difference spectra were run at room temperature with a Cary spectrophotometer. The exact experimental conditions are given in the Results section. 200 ,g/ml caused 18% inhibition, and 100 ,ug of antibiotic per ml had no effect on respiration ( Table 2 ). The respiration-associated phosphorylation process was more susceptible to streptolydigin inhibition. During the oxidation of f3-hydroxybutyrate, which does not proceed via the Krebs cycle, respiration was inhibited to an extent of 50% by 300 MAg of streptolydigin per ml; lower concentrations did not impair respiration. Uncoupling of phosphorylation was complete at 300 ,g of antibiotic per ml, 200 and 100 ,g/ml caused approximately 40% uncoupling each.
RESULTS
Mitochondrial respiration associated with the oxidation of succinate was only negligibly inhibited by 300 Mug of streptolydigin per ml, and lower concentrations remained without effect. Respiration-associated phosphorylation, on the other hand, was substantially inhibited at all concentrations tested.
Mitochondrial oxidation of NADH was stimulated more than twofold in the presence of 100 to 300 Mug of streptolydigin per ml (Table 3) . In a medium deficient in inorganic phosphate, glutamate oxidation was inhibited by streptolydigin (60% of control; Table 4 ). In the presence of 2,4-dinitrophenol (DNP), streptolydigin proved even more inhibitory. Respiration was reduced to 18 and 31% of the control value by 300 and 200 Mug of antibiotic per ml, respectively.
To study further the mode of action of streptolydigin, individual reaction sequences occurring within the respiratory chain were studied in more detail.
Reduction of ferricyanide by NADH. Ferricyanide diverts electrons from the flavoprotein region during the mitochondrial oxidation of NADH without the participation of coenzyme Q or cytochromes. In the presence of 300 ug of streptolydigin per ml, no interference of the tetrazolium salt reductase should, therefore, not be stimulated by the addition of extraneous coenzyme Q to the reaction mixture. However, addition of coenzyme Q to our NADH-driven assay mixtures caused some stimulation of these reactions (Table 5) . Streptolydigin did not significantly interfere with the NADH-linked reduction of INT, regardless of the presence of coenzyme Q ( Table 5 ). Reduction of NBT by NADH was stimulated to an extent of 37% by 300 sg of antibiotic per ml in the absence of coenzyme Q. Upon addition of extraneous coenzyme Q, the same reaction was somewhat inhibited by streptolydigin. INT reduction in the presence of succinate was also inhibited moderately in the samples devoid of extraneous coenzyme Q. In the presence of coenzyme Q, only negligible inhibition of this reaction was apparent by the antibiotic. NBT reduction in the presence of succinate was not inhibited by streptolydigin in the absence of coenzyme Q. In the presence of coenzyme Q, this reaction was inhibited by one-third as compared to the control sample containing coenzyme Q and was thus the most susceptible reaction of all to streptolydigin inhibition. These results show that streptolydigin either slightly inhibited, stimulated, or did not affect the reactions studied. However, by and large, streptolydigin did not have any dramatic effects on the mitochondrial tetrazolium salt reductases studied.
Cytochrome c reductase. Mitochondrial cytochrome c reductase activity was assessed spectrophotometrically by measuring the increase in OD of reduced cytochrome c at 550 nm. Some reduction of cytochrome c occurred spontaneously in the absence of mitochondria (Fig. 3a) . Mitochondrial reduction of cytochrome c was only moderately inhibited by 300 or 200 ,ug of streptolydigin per ml when NADH served as the electron donor (Fig. 3a) . Owing to the limited solubility of the antibiotic in aqueous solutions, testing of higher antibiotic concentrations was impractical. Antimycin caused a decrease of the initial reaction rate of the NADH-cytochrome c reductase in our system (Fig. 3b) . The final extent to which the reaction proceeded in the presence of antimycin was slightly higher than the one observed in the control reaction. Antimycin and streptolydigin combined caused a decrease of the initial reaction rate identical to the one obtained with antimycin alone, but the final extent of the reaction was somewhat lower than with either inhibitor present singly. These results suggest an additive inhibitory action of the two antibiotics.
The initial reaction rate during the succinate- linked reduction of cytochrome c in mitochondria was stimulated by 100 or 200,ug of streptolydigin per ml. The final extent to which the reaction proceeded was the same as observed in the control reaction (Fig. 4) . In the presence of 300 ug of antibiotic per ml, the initial reaction rate was also stimulated, but the final extent of cytochrome c reduction was approximately 50% lower as compared to the control reaction. Antimycin alone or in combination with streptolydigin completely blocked succinate-linked cytochrome c reduction. Cytochrome c oxidase. The reoxidation of reduced cytochrome c remained unaffected by 300 Mug of streptolydigin per ml (Fig. 5) . These results indicate that streptolydigin does not interfere with mitochondrial electron transfer between the cytochrome c and cytochrome a reduction sites.
Mitochondrial difference spectra. Mitochondrial difference spectra were prepared with the substrates NADH and succinate. With each of these two substrates, the control spectra showed definite absorption peaks at 430 nm, characteristic for reduced cytochrome b, and peaks at 445 nm due to the type a and 550 nm due to the type c cytochromes (Fig. 6 ). In the presence of 400 ,ug of streptolydigin per ml, the difference spectra obtained with either NADH or succinate show that the reduced forms of all three mentioned cytochrome types were present. However, the magnitude of each peak (430, 445, 550 nm) was lower than in the control spectra. The abands for reduced cytochromes b and a are not or only marginally visible, owing to the low resolution of the spectrophotometer. For comparative purposes, the difference spectra obtained with antimycin are also shown in Fig. 6 . They clearly show that cytochrome b reduction is not impaired with both substrates, whereas no reduction of cytochromes c and a took place. A combination of antimycin and streptolydigin gave difference spectra identical to the ones obtained with antimycin alone. phorylation in rat liver mitochondria as demonstrated in this report.
Streptolydigin inhibits respiration and phosphorylation associated with the oxidation of the nicotinamide adenine dinucleotide-linked substrates glutamate, citrate, and malate in intact mitochondria. Respiration and phosphorylation were also impaired during the oxidation of the non-Krebs cycle-related substrate , 3- 
